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Theory & measurement of the

wp(rp) = 2 ﬁ " dn &(rpym).
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Zehavi et al., 2004:

IVIO.1r < -21

A high-statistics
measurement of the
galaxy correlation
function over a large
range of scale
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Uncovering the inflationary epoch:

Perturbations away from a power-law spectrum?

n+%(dn/dlnk)ln(k/k0)

P(k) = A(k,) kﬁ ?
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Motivation

« (Galaxy formation and distribution (Halo Occupation Dist.)

* Inflationary physics (dn/dink, n,,, o)

* Fundamental particle mass (Neutrino)




Inflationary Zoology
.

F

V (¢) = A* (¢/)

V(6) = Adet/m

Small field
V() = A1~ (¢/10)"]

Hybrid
V($) = A*[1+ (¢p/1)"]

W. Kinney ‘03




Neutrino Mass differences, but, no mass...

Mass Limits:

A
 Laboratory (Heidelberg-

Moscow 3H endpoint):
m,, <2.2eV

» Cosmology (WMAP+2dF):
m,, < 0.23 eV

A% I
Vz [.:_}amzatm
v, (IO s




How are galaxies distributed relative to the Dark Matter?
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Dark Matter vs. Halos

b(M):halo bias (from extended Press-Schecter, Mo & White 1996)
scale dependence of halo bias (calibrated to simulations)

16° - T ——
"_'r:h-""--._‘_ redshifts (frem top to bottom):
" —‘--..._‘_-h
104 . ‘&.:"a.\ 0.0, 0.5, 1.0, 2.0, 3.0, 5.0
E o — Y
N
- .
—_—— -‘\“\‘ \'\
1000 E e M
E .
C M
“
100 &
10
L @
someeemeees JiIEBT
0.1 — mimulaticn {mattar)
E ———— Pemcock & Dodds (1998}
ol | L L
001 0.1 1 10 100
k [k Mpe1]

Pik) [h= Mpc?]

104 e

T,

190 -

10 =

redshifts (from top to bottom):
0.0, 05, 1.0, 20, 3.0

halos

(b)

=meems linamr

simulation (hales)

11 1 1 1 L1 111 1 1 11
0.1 1 10
k [h Mpc1]

Kravtsov & Klypin (1999)



Galaxies vs. Halos
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What is the PDF of Galaxies in Halos?

 Binomial?

. PH'-I (1 —pag VM7,

(N)m = Nupum

(N(N —1)..(N —j)) = a*(2a® — 1)...(ja* — j+1)(N)7Tt

* Nearest Integer?

(N(N - 1))
(N(N —1)(N —2)) =

* Poisson?
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First Moment of P(N

n=5.86x10"2 (h® Mpc3)
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Significant Features of the “True” First Moment

<Nga1> — <Ncen> + <Nsat>

| In Myin/M
<Nccn> = -Fric ( - / )
2 V201 11

M < M in
M 2 Ju'min

<Nccn> ‘|' <Nbat>




The halo model as a tool

« The halo model will give statistics of the mass and
galaxy distribution, given

— The number density of halos of a given mass n(m), i.e., the mass
function

- Jenkins, et al 2001 with correction for cosmological variation of A,
(Evrard et al, 2002; appendix of Hu & Kravtsov 2002)

— The density distribution within the halos p(m): typically an NFW
profile

« Halo concentration dependence on cosmology
(Huffenberger & Seljak 2003)

— The bias of halos of given mass, b(m): analytically from n(m),
plus any scale dependence

« from high-resolution HOT-code simulations (LANL) (Warren &
Seljak 2004)




Mass function best estimate
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Halo Bias Best Estimate

M(M)
1012 1013

1014
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— Sheth, Mo & Tormen, 99
— Sheth & Tormen, 99
— Seljak & Warren, 04

Based on high-resolution
dark matter only tree-
code simulations by the
Los Alamos HOT code

Seljak & Warren (2004)




NFW Concentration best estimate
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Fitted —— —
: Eke et al. (2001)
Bullock et al. (2001)

Huffenberger & Seljak (2003)




Additional physical effects in halo model

* Nonlinear evolution of power spectrum for 2-halo term
— Smith et al 2001

1 /° in o
P2 (k) = Pyin(k) L / AM -2 N (M) (M )y (k, M)
g 1)

dM

 Halo Exclusion




The 2-point correlation function
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Unprecedented precision

wp(rp) :2£ dm&(rp,m).

0.1 1
r. (Mpc/h)

Zehavi et al., 2004

IVIO.1r < -21

A high-statistics
measurement of the
galaxy correlation
function over a large
range of scale




A complete descriptor of the galaxy correlation
function on a wide range of scales:

Galaxy correlation function:
bes(r) = Egg (r) + 55 (r) +1

14 ég{r} = % ﬁg_ﬂ /n(ﬁf] (N(N —=1))p AMr|M) dM;

22(r) = Ein(r) 7g? [ m(M)bn(Ma)(N) s, dM,

min 4

=1

f n(Ma)bp(M) (N g, A(r| My, My) dM,

First and higher order moments of HOD:

(N)m = Y NP(N|M),
N

(N(N —1)..(N — j)) = (N)I+1,
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Cosmology plus Galaxies:

1 - 1
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How many parameters are needed for this sample’s HOD?

10~

ﬂ[halc-

Aikake and Bayesian Information Criteria: (see Liddle 2004)

AIC = —2In L + 2k
BIC= -2InL +kInN




Information Criteria & Parameters
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Og VS. Q2

CMB+SDSS w(r,)

CMB only

CMB+5DSS5 Pg{k)




CMB + w_ (M<-21)

CMB + SDSS P, (k)
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Extensions to ACDM: massive neutrinos &
scalar spectral index running

6 cosmological parameters + dn/dink 6 cosmological parameters + M,

g

-0.15
dn/dink (k,=0.05 Mpc™ ')

dn/dInk = —0.051 +0.027  m, < 0.23eV (95% C.L.)




Degeneracy - Q& M_._

Zheng et al ‘03, Rozo et al ‘04_-
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Power Spectrum and Bias
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Galaxies to dark matter ...

wp(rp) < (1)

Py (k)

-+

Multiplicity + N-point
+ redshift distortions

To cosmology...
Qm QA I/Zre HO

To fundamental physics...
AS r]S nrun m\/




